Abstract: The vibrations of the rare earth iron hexagonal transducer and the free-flooding water cavity are theoretically analyzed in the paper, and the formula for calculating their resonance frequeney are attained. The measurement result shows that the free-flooding rare earth iron hexagonal transducer is a very good low-frequency transducer, and the water cavity in it can not only withstand the hydrostatic pressure, but aIso make its resonance frequency drop down.
It is difficult to make rare earth iron giant magnetostrictive material into the structure of cylinder tubes used as transducers. But a number of rare earth iron rods connected together to form a polygon may be used to approximate a ring, and a rare earth iron polygon transducer may be constructed by using the rings together with the metal pistons.
Similar to cylindrical tubes of piezoelectric ceramic, it is great for the influence of the vibration of the cavity on the performance of rare earth iron polygon transducers. The cavity of rare earth iron polygon transducers developed previously were filled with air or oil sealed and so on. h order to obtain the required radiation properties from an underwater transducer suitable for great depths in the ocean. We developed a free-flooding rare earth iron hexagonal transducer driven by 12 rare earth rods in recent work which cavity is free-flooding.
The lumped parameter model is used here for the convenience of engineering design. The vibration equation of the rare earth hexagonal transducer may be deduced from magnetostrictive basic equations and Newton's laws, and the resonance frequency formula is achieved through solving the equations. For the free-flooding water cavity which equivalent buk modulus is changed since the effect of the rare earth ring, we can attain its resonancefrequency formula through further analyzing. The result are as follows:
(1) where~1 and f2 are respectively the resonance frequency of the transducer in air and the cavity-resonance frequency of the transducer under water.
It is shown tiom formula (1) that the vibrations of the water cavity in rare earth hexagonal transducers and in cylindrical tubes of piezoelectric ceramic are different. It is noted also from formula (1) that the cavity-resonant frequency is related to both the water column in the cavity and the rare earth rods. The resonance frequency of transducers may drop down through varying the structures of the cavity and the rare earth rods, and a good performance of transducers can be obtained through designing suitable length and cross-section area of the rare earth rods and other parameters which affect the cavity-resonance property. The major structure parameters of the free-flooding rare earth iron hexagonal transducer that we developed in recent work are listed in TABLE 1. It is noted from the experiment result of the mechanical resonance frequency that the difference of the resonance frequency in air ( 1.90~z) and in water (0.89~z) is much large beyond a time. It is shown that the vibration of the water cavity plays a important part in the operation of the free-flooding rare earth iron hexagonal transducer. The theoretical analysis is in agreement with the measurement result.
The transmitting current response is shown in FIG~E 1. It is seen here that the transducer can produce a transmitttig current response of 170~at the resonance frequency O.89kHz as observed in the impedance measurement result. With the power increased, the transducer shows a reduction in resonance frequency, tending towards 0.85kHz, and can send out a source level of 185dB.The efficiency may also reach 7 'A.The change in resonance frequency is caused by heat, which didn't be accurately monitored by some other related instrument. The transducer with a outer size of 4 160X 160 and weight of 4.9kg may send out a source level of 185@. The resonance frequency of the transducer can drop down from 1.90kHz in air to 0.85kHz in water because of the cavity resonance. The free-flooding water cavity therefore can not only witistand the hydropressure, but also make the resonance frequency drop down considerably. One of the reason that the efficiency of the transducer is slightly low is that the vibrations of the water cavity and the transducer are opposite, The free-flooding rare earth iron hexagonal transducer still exhibits very good characters although a little efficiency is sacrificed at the same time by it, and shows promise to be a lightweight, high-power and low-frequency sound source for operation at great depths in the ocean.
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